If two targets are both on the visual axis of one eye or the other, and binocular fixation is shifted from the farther one to the nearer, the aligned eye consistently makes an initial, seemingly pointless saccade in a temporal direction. The size of those saccades typically differs markedly, depending on whether the targets are aligned with the observer's dominant or non-dominant eye. Pickwell [(1972) Vision Research, 12, 1499-1507] proposed that this binocular asymmetry in oculomotor performance reflects a subject-specific lateral displacement of the egocenter (the "binoculus" of Hering, which has traditionally been assumed to be on the midline). An empirical test of Pickwell's widely endorsed hypothesis has now been conducted and the proposal has been found wanting. In an otherwise darkened room, subjects were required repeatedly to set a small light to a perceived straight-ahead location in the horizontal plane, first for a target at 300 cm distance and then for one at 30 cm. Extrapolation of a line that connects the two averages of those settings to the inter-ocular axis provides an estimate of the subjective egocenter to which visual directions are referred. Contrary to Pickwell's proposal, those locations of the inferred egocenter were usually quite near the midiine, and were completely uncorrelated with same-subject data on the extent of saccadic asymmetry at the onset of asymmetrical convergence. The data on perceived straight-ahead underlying this result indicate the availability of extraretinal information about eye orientation that is quite precise at a given moment (median standard deviation of 47 min arc) but conspicuously non-stationary over several-minute intervals (monotonic drifts in sequential settings being very common).
INTRODUCTION
One of the most remarkable and seemingly maladapted aspects of normal human oculomotor performance arises when fixation is shifted between a pair of targets that are aligned on the visual axis of one of the eyes ("asymmetrical" vergence changes). Although the aligned eye already has both old and new targets foveated at the start of the maneuver, that eye nevertheless makes a saccade--temporalward during convergence, nasalward during divergence--a saccade that produces temporary loss of foveation by both eyes. This phenomenon, which was presumably familiar to clinicians for many decades, was first quantitatively documented by Alpern & Ellen (1956) . Some years later, Pickwell (1972) called attention to the fact that for identical targets at identical distances, the size of those seemingly pointless saccades usually varies conspicuously, depending on which of a subject's eyes is aligned with the, target (example in Fig. 1 ). Usually, as in Fig. 1 , it is alignment in front of the nondominant eye that results in larger saccades, and extensive additional quantitative data that show the variability of that tendency were obtained in a recent study oriented around other issues (Enright, 1996a; see Fig. 2 here) .
In an attempt to account for this kind of asymmetry, Pickwell (1972) proposed that for the purpose of saccade generation, the three-dimensional location of a target is assessed by the "binoculus": that fictitious construct that was proposed by Hering (1861) to account for certain phenomena in binocular perception of directions, and that was christened the "cyclopean eye" by Helmholtz (1866). Pickwell (1972) further proposed that this subjective egocenter is not--as had so long been assumed--located midway between the eyes but instead is displaced laterally toward the dominant eye by an amount that varies between individuals. Such a displacement could, he suggested, explain the asymmetry in oculomotor performance (Fig. 3 ).
Pickwell's proposal has been widely endorsed, although Barbeito, Tam & Ono (1986) found it necessary to supplement the basic idea ( Fig. 3) with the suggestion that some subjects also have an intrinsic leftward or rightward bias in their saccades. The fundamental proposition of Pickwell--although never tested empirically-has even been described in standard texts on eye-459 Pickwell's (1972) phenomenon (subject 3). When targets were aligned before non-dominant eye (large circle in A), the saccade made by that eye was considerably larger than the oppositely directed aligned-eye saccade, when alignment was before dominant eye (small circle in B).
movements as though it were a well established principle and not just a proposed hypothesis (Carpenter, 1977 (Carpenter, , 1988 . This article describes a quantitative test of Pickwell's idea. For the same group of subjects for whom saccadic asymmetry had been evaluated (Fig. 2) , estimates of the subjective egocenter were obtained, based on the following reasoning. The direction "straight-ahead" represents the key reference axis in verbal and conceptual descriptions of an object's location in egocentric space. It is a unique, head-referenced vector, and the source of that vector constitutes the egocenter, that is, the origin of the entire three-dimensional coordinate system around which subjective visual space is organized. If, then, one obtains measurements of the location that is perceived as being straight-ahead in the horizontal plane for targets placed at two different distances from an observer, a line connecting those locations can be extrapolated to the inter-ocular axis to obtain an estimate of the implied egocenter. The question of interest becomes: Is the inferred location of that egocenter displaced laterally in a way that can account for the asymmetrical oculomotor behavior observed with monocularly aligned targets?
A careful examination of the experimental data with which Pickwell's proposition has here been tested (supplemented with data from three additional subjects) has also revealed an interesting, novel aspect in perception of the straight-ahead direction. Each setting of course represents the outcome of a comparison between extra-retinal information about concurrent eye orientation and a remembered (i.e., internally stored) standard of reference. Sequential individual measurements in an otherwise darkened room showed striking reproducibility of this internal standard. Nevertheless, a majority of the data sets also showed monotonic time trends in the form of spontaneous, gradual shifts of 1.5 -4 deg in the settings of perceived straight-ahead during the 10-min test sessions, with apparently immediate return to "normal" when full room illumination was restored. Those time trends do not alter the validity of the conclusions about Pickwell's proposition, but they raise interesting questions about how the internal reference I  I  I  I  0  1  2  3  4 SACCADE SIZE: DEGREES FIGURE 2. Sizes of ternporalward saccades made by the aligned eye at the onset of convergence for seven subjects, with targets separated by 6 cm and aligned before dominant eye (solid circles) or non-dominant eye (open circles). Heavy vertical lines: average of corresponding data sets; "R" values: ratio of average excursion of non-dominant-eye saccades to average of dominant-eye saccades. Subjects 1, 5, 7 and 8 are right-eye dominant; subjects 3, 6 and 9 are left-eye dominant.
standard for subjective straight-ahead is calibrated and how it ordinarily remains stable in a normal visual setting.
METHODS

Eye-movement measurements
The eye-movement me~,surements, which underlie the testing Pickwell's hypothesis (Fig. 2) , were obtained from a two-camera video--recording system. The targets were colored pinheads (2mm diameter) that were continuously visible, and were carefully aligned along the visual axis of one eye or the other, with the farther being about 0.5 deg below the nearer. During binocular viewing, the subjects alternated fixation between those targets at self-timed intervals of 3-4 sec. With the targets located at distances of approx. 21 and 27 cm, vergence changes of 3-5 deg were required. For the data of interest here, the saccades made by the aligned eye at the onset of the convergence movements were measured during single-frame video playback, with a precision of approx. 9 min arc. For additional experimental details, including assessment of ocular dominance, see Enright, 1996a .
Determinations of straight-ahead
A small (3-mm) light-emitting diode (LED) was mounted on the movable rider of a high-quality commercial curtain rod ("traverse" rod with draw-string and rider). Except for that single LED, the experimental room was totally darkened. The continuous-loop cord, which was attached to the rider and passed through pulleys, was held by the seated subject in both hands. The rod was mounted at eye level on a horizontal platform, which had a scale along which a pointer, attached to the rider, could move. Two target platforms, both in a frontal plane, were provided, one at 3 m distance (length 115 cm), the other at 30 cm distance (length 60 cm). The nearer platform was raised well out of the line of sight during use of the far platform. Tactile cues were minimized by instructing the subjects to grasp the cord anew for each setting, and by modifying the track of the ii I FIGURE 3. Schematic diagrams illustrating Pickwell's (1972) hypothesis. The dashed circle represents the "cyclopean eye", a fictitious construct originally proposed by Hering (1861) to account for certain binocular phenomena involving perception of visual direction. Pickwell proposed that this perceptual egocenter is also the center from which saccadic excursions are evaluated; its view of the angular spacing between two targets (indicated by the cross and the small open circle) would then determine the amplitude of the movements made by both eyes, as indicated by the identity of the three angles (one based on perception by the binoculus, the other two representing resultant eye movement). If that binoculus were located exactly on the midline (A and B), then the seemingly superfluous saccade of the aligned eye would be the same for target alignment with either eye. If the binoculus, however, were to be displaced toward the dominant eye (C and D, with left-eye dominance), then alignment before the dominant eye (C) would result in a smaller saccade than alignment before the non-dominant eye (D).
curtain rod to assure completely smooth horizontal sliding of the rider and its LED. The subject's head was held firmly in place by means of a custom-fitted bite board and two rigid posts, covered with hard rubber, which pressed very firmly against the forehead about 4 cm on either side of the midline. This unusual (and uncomfortable) sort of forehead rest was designed to minimize the possibility of head rotation about a vertical axis (see Discussion). At the start of each test, the LED was placed several degrees away from center, and the subject then moved it toward straightahead by using the continuous-loop cord.
All participants were initially given several practice trials in making the straight-ahead settings before data were collected. No time limit on making the settings was imposed, but after this practice, the subjects all were able to make a subjectively satisfactory setting within no more than 15-20 sec. When satisfied with the target location, the subject signaled, and then shut his/her eyes, following which the experimenter read and recorded that location on the scale with the aid of a small flashlight. Thereafter, a new test was initiated by a large displacement of the adjustable target. A test session, which lasted approx. 25 min, consisted of ten settings made with the target at 3-m distance; a pause of 4-5 min with room lights on, during which the subject remained on the bite board, maintaining initial head position, and during which the far target was extinguished and the near-target platform was lowered into position at the same level as the far target; and then, after room lights had again been extinguished, ten more tests with the target at 30-cm distance. Each subject participated in two sessions, providing two sets of measurements for each target distance. The second test session usually followed the first after an interval of 10-15 min, but for two subjects it was conducted on a different day.
Estimation of the egocenter
For those seven subjects for whom eye-movement measurements had been made, the location of the binoculus was inferred by extrapolation to the interocular axis of the line that comaects the average locations of perceived straight-ahead for the far (3-m) and the near (30-cm) targets within a test session. No objective standard for "true" straight-ahead, perpendicular to the facial plane, was available, but an artificial reference frame was created by determining the point at which a thread, which ran between the average straight-ahead setting for the far target and the bridge of the subject's nose, intersected the scale on the near-target platform. Near-target settings were calculated as deviations from that point of intersection; a mean value of zero for neartarget deviations would then be taken as indicating an egocenter located exactly :midway between the eyes. This procedure assumes no measurement uncertainty in average far-target setting. If that average were in fact to be in error by, say, 5 cm (much greater than the standard error of the actual estimates), an error of about 5 nun would be introduced into the estimated location of the egocenter.
Subjects
All ten subjects (seven male, three female) gave informed written consent. Seven were completely inexperienced in psychophysical experiments, although they had occasionally served as subjects for eye-movement measurements; the other three (Nos 4, 6 and 7) have had extensive prior experience in various psychophysical studies. Two of the experienced subjects (Nos 4 and 6) wore their usual correctiw; lenses during the experiments on perception of straight-ahead; the other eight subjects are emmetropic, and none of the ten has any known oculomotor deficiency.
I~;SULTS
First-order properties of the straight-ahead data
When in a normal visual setting, adults usually have no difficulty in pointing in a direction that they perceive as being straight-ahead, or in aiming their eyes in a "straight-ahead" direction. In total darkness, however, several of the subjects initially had considerable difficulty in setting the LED to an apparently straight-ahead location, the problem being that when the subject moved the light relatively slowly with the cord, its position sometimes seemed to remain essentially stationary. After a few minutes of practice, however, all participants were able to make settings that seemed subjectively satisfactory, typically by producing relatively rapid target oscillations with overshoot, and making progressively smaller overshoots in each direction: a series of progressively damped oscillations.
Despite such initial difficulties, the 10 measurements during a 10-min test session were impressively reproducible. A first-order estimate of the precision is provided by the standard deviations of the sets of 10 measurements, values for which are plotted in Fig. 4(A) . There were clear differences in precision among subjects, with an overall median value of 60 min arc. (It should be noted here that the estimates of precision shown in Fig. 4(A) ignore the monotonic time trends that were a frequent and conspicuous feature of the sequences of 10 measurements, as described below.)
The distribution of open and closed symbols in Fig.  4 (A) demonstrates that precision (expressed in angular deviation rather than cm) was not consistently related to target distance: about half the estimates of precision for the two target distances lie on each side of the general median. There is some indication in the data that performance may have improved slightly with practice; in comparisons of precision between the first and second test session, 15 of the 20 results from the second test session were more precise than those of the first session (10 subjects, two distances; P < 0.05, binomial test). The magnitude of those differences was typically small, however, with the mean increase in precision being only 5 min arc (standard error of 4-3.6 min arc). Performance was not consistently related to gender, nor to prior experience in other sorts of visual psychophysical tasks; the three female subjects ranked 1, 7 and 9 in precision; and the three experienced subjects ranked 3, 4 and 6, indicating that some of the inexperienced subjects did quite well.
Time trends in straight-ahead settings
A conspicuous and unexpected aspect of the straightahead settings was the strong tendency for monotonic trends to arise during the 10-min test sessions. Data from nine extreme cases of this sort are presented in Fig. 5 . As implied by the examples there (see legend), the directionality of the time trends was usually (but not always) consistent for a given subject (r = 0.43, P < 0.05, n = 20). Among the 40 data sets, there were 15 that showed "statistically significant" (P < 0.05, based on linear-regression ANOVA) monotonic trends like those in Fig. 5 ; another nine data sets showed monotonic trends that were somewhat less consistent (0.10 < P < 0.05); and still other data sets suggested the presence of systematic but non-monotonic time trends.
The median slope of the 40 calculated regression lines represented a net change in direction by about 1.8 deg during the ten measurements (range up to 3.6 deg: Fig. 6 ). Each test ordinarily required approx. 1 min, so this represents a typical average shift in subjective straight- Those time trends contributed appreciably to the estimates of precision from the full data presented in Fig. 4(A) . The standard deviation of the individual measurements from a calculated regression line (rootmean-square "error" from analysis of variance) expresses precision in a way that greatly reduces the influence of monotonic basehne shift, and indicates the reliability of the moment-to-moment perception of subjective straightahead. Those values are plotted in Fig. 4(B) ; the crosssubject median value is 47 min arc.
An alternative way of calculating precision, which can reduce the impact even of time trends that are not monotonic, is obtained by calculating the variances of sequential sets of three measurements (eight estimates from the 10 tests of a sequence), and taking the squareroot of the mean of those calculated variances. Those root-mean-square estimates of precision are plotted in Fig. 4(C) , and also had a cross-subject median value of 47 rain arc.
While one might suspect that time trends like those shown in Fig. 5 could reflect rotation of the subject's head during a test session, the two-post forehead rest was shown to preclude that interpretation (see Discussion).
Testing Pickwell's proposition
As described in detail in the Introduction, Pickwell (1972) proposed that the difference in size of the saccades of asymmetrical convergence, dependent on whether the dominant or the non-dominant eye is aligned with the targets, reflects a lateral displacement (toward the dominant eye) of the subjective egocenter or "binoculus" (Fig. 3) . The experiments here on subjective straight-ahead at two different target distances were designed to permit a dh'ect test of that proposal. The location of the subjectiw ~. egocenter can be inferred by extrapolation to the inte, r-ocular axis of the line that connects the average locations of perceived straightahead for the far (3-m) and the near (30-cm) targets within a test session. Because small differences in head orientation could affect this calculation, the subjects were required to remain continually in the bite-board-andforehead-posts assembly throughout the session, while making the settings at both target distances. For each of the seven subjects whose saccadic data are summarized in Fig. 2 , two estimates of the location of the perceptual binoculus are available, one from each test session. One of the simplest ways of quantifying the consequence of Pickwell's hypothesis (Fig. 3) is that it implies a nearly linear relationship between location of the binoculus, relative to the midline, and the ratio of: (A) saccadic excursion for targets aligned before the nondominant eye; to (B) the sum of saccadic excursions for targets aligned before both non-dominant and dominant eyes. That predicted relationship is shown as the heavy diagonal line in Fig. 7(A) , along with the locations of the egocenter (as estimated empirically from the straightahead data), plotted against the same ratio. The fit of the inferred locations of the binoculus to prediction is decidedly poor. A least-squares regression calculation for the data leads, in fact, to a slightly negative (but statistically non-significant) slope (heavy dashed line), rather than the positive slope predicted.
The inferred-egocenter estimates underlying Fig. 7 (A) were based on mean locations from ten settings of straight-ahead at far and at near distances, and those mean settings arose from sequences of measurements that often had strong time trends (Figs 5 and 6) . In order to determine the extent to which such time trends might have affected the inferred locations of the binoculus, similar calculations were made using only the first (or, in a few cases, second) within-session straight-ahead settings at both distances. As is evident in Fig. 7 (B), this alternative method of calculation does not alter the conclusion based on ten-setting mean values: fit to prediction of Pickwell's (1972) hypothesis remains very poor.
Pickwell's hypothesis and an alternative
The locations of the subjective egocenter derived from the straight-ahead settings at two distances (Fig. 7) are predominantly well centered around the midline, with 11 of the 14 estimated locations being within 4-1 cm of the bridge of the nose. It is also evident there that the deviations from midline in the estimates are approximately symmetrical with regard to the dominant or nondominant eye (8 toward dominant vs 6 toward nondominant). Hence, the classical assumption (Hering, 1861; Helmholtz, 1866) , that the subjective egocenter of normal subjects is located essentially on the midline, seems to be adequately borne out by these experiments. Howard & Templeton (1966) reached a similar conclusion, using another method of estimating the egocenter.
The lack of a strong dominant-eye bias in those results may initially seem surprising, because when someone is instructed to point with a finger toward a distant place that seems to be straight-ahead, the usual result is a hand position that involves complete alignment of the dominant eye, the finger and the target. That familiar phenomenon might lead one to conclude, as did Walls (1951) , that the subjective egocenter coincides fully with the dominant eye; and this kind of response may well have led Pickwell (1972) to his hypothesis of a binoculus that is eccentrically biased toward the dominant eye. As 
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FIGURE 7. Inferred location of binoculus plotted against saccadic-ratio data of Fig. 2. (Abscissa calculated as RI(R + 1), where R is ratio of averages given in Fig. 2) . Estimates from single test sessions shown as open circles, with same-subject values from two sessions connected by vertical lines; heavy horizontal lines represent average of those two estimates, with length corresponding to standard error of saccadic ratio. Solid, nearly straight diagonal curves labeled "Prediction" derived from geometry of Fig. 3 , with assumed interocular distance of 6.2 cm, and target distances of 20 and 26 cm. Dashed diagonal lines represent least-squares regression of binoculus-location data vs saccadic-ratio data (negative slopes not significantly different from zero). (A) Binoculus locations based on 10-trial average settings of apparent straight-ahead; (B) binoculus locations based on single-trial settings of apparent straight-ahead--usually first settings within a session. Barbeito (1981) and Howard (1982) have indicated, however, finger-pointing in this situation is a problem of alignment that resembles aiming a rifle; the instruction is usually understood to require achieving visual coincidence between finger and distant target. In order to achieve visual coincidence, then, it is not surprising that images from one of the eyes must be neglected, as in aiming a rifle; this phenomenon cannot legitimately be taken as indicating where the coordinate system of subjective space is centered.
In contrast with the several other ways that have been previously used to estimate location of the "cyclopean eye" (Barbeito & Ono, 1979) , the method used here avoids any ambiguity associated with such pointing tasks and the simultaneous viisual alignment of targets (see above). In my opinion, the non-simultaneous method used here is, therefore, a more direct and less ambiguous way of approximating Hering's (1861) initial notion of the subjective egocenter than can be provided by other alternative procedures (see, also, Enright, 1988) .
In any case, it is evident in Fig. 7 that there was no consistent relationship between the inferred location of the subjective egocenter and the asymmetry of vergenceassociated saccades, as proposed by Pickwell's (1972) hypothesis. The failure of that proposal to account for the saccadic data can be taken as indirect support for an alternative hypothesis (Enright, 1992 (Enright, , 1994 (Enright, , 1996a : that a dominant-eye bias in the saccades may reflect weighted averaging, by the saccade generator, of binocularly different visual stimuli, with greater weight given to dominant-eye input. That alternative proposal is embodied by the equations:
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where SL and SR represent saccadic excursions of the left and right eyes; 0L and OR represent the horizontal angular distance between targets, as seen by the left and right eyes (image eccentricity); and[ ~L and ~R, flL and fiR represent the eye-specific weighting factors for visual stimuli, with being self-eye weight and fl being contra-lateral eye weight. (In the aligned-target configuration of interest here, either 0L or 0R would be zero. The influence of ocular dominance is envisioned as biasing the values of ct and t: Enright, 1992, 1!)94.) For a process of this sort, perceived directions, as an element of conscious experience, would be i:rrelevant. (This weighted-averaging interpretation could, of course, also be elaborated by invoking an additional fictitious, eccentric "oculomotor binoculus", the loc.ation of which is independent of the perceptual cyclopean eye, but that suggestion seems a pointless extension of the cyclopean concept with no gain in explanatory power.)
PRECISION OF STRAIGHT-AHEAD INFORMATION
The data that were collected on the perceived straightahead direction in the process of evaluating Pickwell's hypothesis were supplemented with measurements from three other subjects whose saccadic performance has not been measured, leading to 40 sets of 10 values on directional perception in the absence of an external reference frame. Those data provide a clear demonstration that extra-retinal information about eye orientation can be remarkably precise, with a median standard deviation of 1 deg [ Fig. 4(A) ], or, after allowance is made for time trends, a median value of about 0.8 deg [ Fig.  4(B) and Fig. 4(C) ]. Some of the best performances involved moment-to-moment standard deviations of less than 0.5 deg. Although the straight-ahead direction has often been used as a tool in other research, published data from comparable procedures on its precision, with which it would be appropriate to compare the present estimates, do not seem to be available. Instead, prior research to assay precision and accuracy of extra-retinal information about eye orientation has utilized quite different methodology, involving procedures that have required comparisons of concurrent extra-retinal information with short-term memory of a previous eye orientation. Merton (1961) used after-images to demonstrate that an observer in the dark can reproduce a given prior eye orientation (not straight-ahead, but instead an arbitrarily chosen direction) with moderately good precision. Typical standard deviations of performance, following a brief dark interval (up to 1 min), were on the order of ±2 to -4-4 deg, and occasionally as little as + 1 deg. That kind of performance was thus typically somewhat more variable than the results here, perhaps because it also depended upon the reliability of short-term memory. In the present experiments, recognition of the straight-ahead direction seems subjectively not to involve comparison with a "remembered" target position at all; the appropriate setting seems instead to be recognized without conscious reference to any previous action.
As another quite different and fully objective assessment of the reliability of remembered eye-position information, subjects have been required to sustain a given direction of gaze in total darkness (Skavenski & Steinman, 1970; Skavenski, 1971 ). Two subjects were tested, both of whom were experienced in eye-movement recording, but not in this task. While gradual errors in gaze direction accumulated during 36-sec fixations, standard deviations of eye-orientation error of only 24-36minarc were observed (Skavenski & Steinman, 1970) . For the same two subjects, during test sessions of duration comparable with those here (7.5 min versus approx. 10 min here), absolute errors in eye orientation (horizontal component) gradually accumulated over the session to yield standard deviations of 3-4 deg. After the first minute, however, moment-to-moment variability stabilized at standard deviation values of about 48 and 60 min arc for the two subjects (Skavenski, 1971, Fig. 2 ): values that seem fully comparable with typical results obtained here from undergraduate volunteers. In those gaze-stability experiments, ocular position was presumably based, as in Merton's (1961) study, on comparing momentary eye orientation with the short-term memory of the more recent previous eye orientations, rather than on comparing concurrent information with initial often-tation or on use of a long-term standard like straightahead. To sustain a given posture seems intuitively as though it should be an easier thing to do than to return repeatedly to the same position, but the data here do not support that intuition.
Time trends in the data
Monotonic time trends were quite common in the within-session data (cf. Figure 5) , but in the prior study most similar to that here, Merton (1961) searched carefully for serial correlation in his results, and found none. This contrast provokes a sequence of questions: (1) Might those trends here be attributable to random temporal variation? (2) If not, could they be due to head rotation during measurement sessions? (3) If not, could they be related to familiar "adaptation" processes? (4) If these kinds of explanation all seem unlikely, was it the persistent minimal visual surround during measurements that produced a breakdown in the otherwise close correspondence between head anatomy and subjective straight-ahead? [Note that Merton's (1961) subjects were exposed to a fully lit room after each measurement]. And if that seems likely, how might a full visual surround ordinarily maintain and/or update the internal standard of reference for straight-ahead?
1. The suspicion that the observed time trends might be due to random temporal variation can be rejected as extremely implausible. The probability that 24 data sets out of 40 would lead to linear regressions that are significant at the 10% level is less than 10 -14. 2. Concern about possible head rotation during the test sessions arose at the outset of the study, and led to design of an unconventional forehead rest, with a pair of widely separated rigid posts that pushed firmly against the head on both sides of the midline. Control tests in a fully lit room demonstrated that if skin contact with the forehead posts was maintained, strenuous attempts to rotate the head around a vertical axis could (with uncomfortable skin stretching) produce slight head rotation around a horizontal axis centered on the bite board, but any associated rotation around a vertical axis (as detected by perceptible shift in egocentric direction to objects in the illuminated room) was no more than a tiny fraction of a degree. Only by deliberately breaking head-contact with the posts and changing the points of contact by several millimeters could head rotation of a degree or two around a vertical axis be achieved. It seems highly improbable that the tested subjects would have so often violated explicit instructions in that way. 3. Sustained gaze in an eccentric direction is well known to bias perceived straight-ahead away from the mid-sagittal plane by a few degrees ("adaptation", as described, for example, by Kohler, 1951; Paap & Ebenholtz, 1976; Park, 1969) . The proposition, however, that similar adaptation might have arisen in the experiments here is very unlikely because: (i) the magnitude of bias due to such adaptation is proportional to the eccentricity of gaze (Paap & Ebenholtz, 1976) . The observed trends, if attributable to similar adaptation, would have required prolonged eccentric fixation of much larger magnitude than is conceivable during the testing.
(ii) Adaptation of straight-ahead, owing to sustained eccentric gaze, decays very slowly, over dozens of seconds (Paap & Ebenholtz, 1976) , but the misperceptions that arose in an impoverished visual surround (Fig. 5) were commonly recognized immediately as erroneous by the subjects as soon as room lights had been turned on, with comments like, "How could I have been so wrong?" 4. Such rapid return to "normal" perception of straightahead suggests that the time trends observed during measurement (and not found by Merton, 1961 ) are a peculiar consequence of prolonged sessions in an impoverished visual environment. The implication is that something about an ordinary visual setting is able to restore and maintain long-term correspondence between the anatomy of the observer's head and the internal standard of reference. It is, however, by no means obvious how a structured, stationary visual scene might maintain stability for perceived straight-ahead, while a single light in a darkened surround would not. This kind of phenomenon was also noted (in a vertical direction) by observers whose extra-ocular muscles were partially paralysed (Matin, Picount, Stevens, Edwards, Young, & MacArthur, 1982; Matin, Stevens, & Picount, 1983) . While Mach (1897, Fig. 1 ) and Gibson (1966, Fig. 12 .1) imply that a reliable egocentric frame of reference could be obtained by using retinal images in the periphery of the visual field (where the nose and other body parts are seen), this seems an unlikely basis for calibrating and regularly updating straight-ahead because of the poor precision with which such peripheral visual stimuli can be localized (see, also, Wetherick, 1977, for a negative outcome from testing a similar notion involving view of the nose).
An alternative explanation for the time trends can be derived from the postulate that subjective straight is identical with the muscular equilibrium point, or "position of rest" of the eyes. If so, then very-small-scale, whole-field motion of retinal images during "steady" fixation (as the eyes drift toward their resting orientation: Becker & Klein, 1973) might permit rapid visual recognition of this equilibrium eye orientation (Enright, 1996b) . Unfortunately, a mechanism of this sort would be very difficult to demonstrate convincingly---or to disprove conclusively.
